The genus Saussurea (Asteraceae) contains about 400 species distributed around Asia and Europe and used in the traditional medicines of many cultures. The main compounds isolated from Saussurea species are terpenoids, in particular, sesquiterpenoids are dominant. This review lists 404 chemical constituents as well as their biological activity (111 references).
Introduction
The genus Saussurea, which belongs to the Asteraceae family, encompasses about 400 species distributed throughout Asia and Europe, and 264 species can be found in China [1, 2] . About 30 of them have been used in traditional Chinese medicine (TCM) and more than 10 species have long been used in Chinese folk medicine [3, 4] . For example, Saussurea lappa, cultivated in Southwest China shows spasmolysis, antihypertension and antibacterial activities [5] . Saussurea pulchella has been used as a Korean folk medicine, the biological activities of this plant are anti-inflammatory, anti-hypertension, anti-hepatitis and antarthritic [6, 7] . Saussurea laniceps is mainly cultivated in Tibet, Yunnan and Sichuan provinces of China [8] . It is a well-known Tibetan medicine that is used in the treatment of gynopathy and rheumatic arthritis [9] . Saussurea muliensis, also called 'Muli XueLian' in China, is a TCM and some triterpenes have been isolated [10] . Saussurea involucrata, a precious traditional Chinese medicine from the Xinjiang Uygur Autonomous Region, has been used in the treatment of rheumatic arthritis and lower abdominal pain. The main constituents in S. involucrata are sesquiterpenes and flavonoids [11] . Saussurea triangulata plays a role in the treatment of inflammation, hypertension and hepatitis as a Korean folk medicine [12] . In ancient times, the rhizome of S. petrovii was used in the treatment of rheumatism and bleeding [13] . Saussurea medusa, grows in the Tibet region of China and is mainly used to treat rheumatoid diseases, gynopathy and is effective in enhancing physical strength [14] [15] [16] . The main chemical components from the plants of this genus are sesquiterpenes, triterpenes, flavonoids, lignans and phenolic compounds [17] . The pharmacological activities of the components are mainly anti-tumor, anti-inflammatory and anti-aging. They also improve the function of cardiovascular system. This review summarizes the chemical constituents of the genus Saussurea and their biological activities with the aim to provide helpful information for future investigation.
Chemical constituents
More than 420 components have been isolated from Saussurea genus, including sesquiterpenes, triterpenes, flavonoids and lignans, among others. Sesquiterpenes are the characteristic components of Saussurea plants and are discussed first.
Sesquiterpenes (Table 1)
Sesquiterpenes comprise a group of C 15 compounds derived from the assembly of three isoprene units, which represent the largest group of secondary metabolites [11, 19, 23 , 24] 7 3α,8α-Dihydroxy-1αH,5αH,6βH,7αH,11βH-guai-4(15),10(14)-dien-6,12-olide 8-O-2-hydroxymethylacrylate S. laniceps [26] 8 3α,8α-Dihydroxy-1αH,5αH,6βH,7αH,11βH-guai-4(15),10(14)-dien-6,12-olide 8-O-(2-methyl) acrylate S. laniceps [26] 9 8α-Hydroxy-11βH-11,13-dihydrodehydrocostuslactone S. involucrata [11, 19, 23 [53] . Two azulenoids 91, 92 exist in S. cauloptera and S. laniceps [2, 9] . All these compounds are listed in Table 1 and activities of some compounds will be summarized in the following section.
Eudesmanes
In 1977, Govindan's group isolated compounds 119, 128, 132 from S. lappa [49] . From this plant, other 13 [61] . Compound 105 was reported from S. macrota in same year [63] . Its diastereomer 107 was isolated from S. pulchella [6] . The next year, Wang's group isolated compound 97 from S. laniceps [26] . Compounds 93, 98, 101, 117 were found in S. involucrata [11, 18, 59] . Compounds 100, 102, 103, 112-114 were isolated from S. cauloptera in 2008 of which 112 and 114 were new [2] . In same year, compound 127 was found in S. lappa [67] . From S. deltoidea, the two compounds 104 and 109 were isolated [32, 57] . [35, 67, 70, 72] .
Germacranes

Other compounds
A cadinane sesquiterpene, 10α-hydroxyartemisinic acid 144 has been isolated from S. lappa [60] . A norsesquiterpene lactone 145 and other two analogs 146, 147 have been isolated from S. pulchella and S. lappa [6, 12, 47] . One elemane derivative 148 has been found in S. deltoidea [32] .
Additional tricyclic examples 149-151 are distributed in this genus [63, 73, 74] . Three acyclic compounds (152-154) have been obtained from S. triangulata and S. pulchella [6, 12] .
Triterpenes, sterols and cardenolides ( [13, 86] . Compound 174 was found in S. parviflora [4] . Three novel triterpenes 173, 175, 179 and five known triterpenes 164, 180, 182, 184, 202 were obtained from the whole plant of S. ussuriensis in 2008 [84] . Other five examples 183, 194, 196, 197, 199 were isolated from S. cauloptera [2] , S. oligantha [85] , S. lappa [67] and S. superba [81] .
Sterols
Thirty-seven sterols have been isolated from this genus. [2, 10, 72, 90, 91] . Other examples include oliganthas A 203 (from S. oligantha) [85] , protopanaxanone di-O-arabinoside 204 (from S. heteromalla) [88] , dihydroprotopanaxadiol di-O-arabinonoside 205, 24-methylene-9,19-cyclolanostan-3-ol 206 (from S. muliensis) [10] , lappalanasterol 207 (from S. lappa) [89, 93] , 22-dihydrospinasterol 218 (from S. cauloptera) [2] , α-spinasterol 219, α-spinasterol 3-O-β-d-glucopyranoside 220 (from S. nutans) [80] , ergosta-6,22-diene-3β,5α,8α-triol 221 (from S. ussuriensis) [91] , ergostane-3,24-diol 222 (from S. gossypiphora) [90] , pregnenolone 223, 3-epi-lappasterol 224 and lappasterol 225.
deltoidea, S. ussuriensis, S. muliensis, S. cauloptera, S. deltoidea, S. gossypiphora and S. ussuriensis
Cardenolides
In 2007, 10 cardenolides 230-239 were obtained from a cytotoxic ethanol extract of the whole dried plants of S. stella. Among them, 231, 237, 239 are new compounds [94] .
Monoterpenes, diterpene and norterpenes (Table 3) Three monoterpenes 243-245 have been found in S. Cordifolia [73] been found in S. sacra, S. pulchella, S. pulchella [6, 79] . Only one diterpene 248 has been isolated from S. cauloptera [2] . Eight nor-sesquiterpenes, ionone-derivatives 249-256, have also been isolated [6, 14, 16, 20, 73] . Other compounds (Table 6) In 2007, two new 373, 374 and one known 375 butenolides were isolated from acetone extract of the whole plant of S. katochaete [102] . Colchicine 396 was isolated from S. sacra [79] , and two indoles 377, 378 were found in S. deltoidea [52, 70] . Dia-aurantiamide acetate 397 was isolated from S. licentiana in 2013 [103] . In 2009, Wu's group obtained seven active ceramides 388-394 [25] . The methanol extract of S. medusa Maxim afforded nine chlorophyll derivatives 379-387 in 2002. Among them, 379 and 381 are new compounds [14] . Uridine 395 was found in S. laniceps [20] . Five C 10 -acetylenic glycosides (398-402) were isolated by Li's group from S. cordifolia in 2010 [73] .
Flavonoids (Table 4)
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Biological activity
The biological activities of compounds isolated from the genus of Saussurea include antitumor, antibacterial, antimararial, anti-inflammatory and anti-ulcer properties. Deltoignan A S. deltoidea Among them, cytotoxicity is the main activity described in the past decade.
Cytotoxicity
Xu's group has tested 13 compounds against three cancer cell lines (A549, HeLa and SMMC-7721) and further studied the structure-activity relationship. Compounds 72, 75, 90, 333 exhibit selective cytotoxicity, suggesting that the α,β-unsaturated lactone group of sesquiterpenes is the pharmacore of their cytotoxicity [32] . 
Anti-inflammatory activity
In 2000, Cho's group suggested that cynaropicrin 75 can inhibit the production of inflammatory mediators and the proliferation of lymphocytes with the inhibitory effect being associated with target proteins containing sulfydryl groups [105] . In 2011, compounds 6 and 9 were confirmed to inhibit the NO secretion and proliferation of RAW 264.7 cell in response to LPS [23] . Fan reported that arctigenin 313 and matairesinol 314 can reduce NO production in LPS-activated macrophages of SD rat [75] . Tung's group confirmed that deltoidealactone 137 inhibits tumor necrosis factor (TNF-α) in U937 cells with an IC 50 value of 1.47 μg/mL [72] .
Protective activities
Fan's group has found that compound 264 attenuates the scopolamine induced memory deficit of mice and shows cell protective activities against H 2 O 2 -induced cell damage [97] . Matsuda's group said that saussureamines A 139, B 29, C 30 and dehydrocostuslactone 135 are gastro-protective when the experimental model is acidified ethanolinduced gastric mucosal lesions [34] .
Anti-ulcer activity
Yoshikawa reported that saussureamines A 139, B 29 and C 30 possess anti-ulcer effect [35] .
Antiangiogenic activity
In 2002, Jeong's group reported that dehydrocostuslactone 135 exerts an antiangiogenic effect, and has the potential to become a novel angiogenesis inhibitor [106] .
Plant growth regulation
4β-Methoxydehydrocostuslactone 151 was found in 1992 that it is a plant growth regulator [74] .
Other activities
Wang's group has reported that compound 97 could restrain the proliferation of murine T and B cells in vitro [26] . Further study with S. lancieps have shown that lanicepomine A 92 is a significant inhibitor of proliferation of murine T cells at 0.1 μm [9] . Choi has reported that 1β-hydroxyarbusculin A 127, reynosin 129, and dehydrocostuslactone 135 can inhibit the IBMX-induced melanogenesis with IC 50 values of 11, 2.5 and 3 μg/mL, respectively [67] . In 2013, Zhu's group reported that compound 154 could be used for treating ischemic stroke [107] . Compound 328 inhibits the release of β-glucuronidase from PAF-stimulated neutrophils [3] .
Conclusions
This review gives a systematical summary of the progress in the chemistry and biological activity of Saussurea genus plants in the past 50 years. Sesquiterpenes, triterpenes, flavonoids, and lignans as the major components found in this genus, with sesquiterpenes being the most numerous constituents. Among 404 compounds listed in the review, 232 compounds are heterocyclic derivatives. The diversity of the structures in Saussurea genus explains the broad activities of the plants used in the folk medicine. More than 200 natural product-derived drugs are in preclinical or clinical development [108, 109] . The compounds isolated from Saussurea genus plants exhibited wide array of activities, especially some sesquiterpenes show significant cytotoxicity [110, 111] . About 400 species of Saussurea plant are distributed throughout Asia and Europe, and 264 species are in China. Among them, 30 species have been used in traditional Chinese medicine and more than 10 species have long been used in China as folk medicine. Only 40 of the approx 400 species have been studied in detail. Phytochemical and pharmacological studies of the genus Saussurea have received much interest in recent years. But there are about 360 plants that are not exploited in detail. Therefore, further studies of these plants are required for the development of new drugs and therapeutics for the treatment of various diseases.
